Principal Laboratory Findings

3.
Repeat sodium and chloride testing using an alternate method/instrument. Our patient's decreased sodium, chloride, and anion gap results, in conjunction with a markedly elevated serum total protein value, were brought to the attention of the laboratory director. We considered the possibility that protein precipitation during the quantitative measurement of total protein in our patient's serum sample may have resulted in a falsely increased total protein value; however, our patient was not prone to cryoglobulinemia and the total protein result was obtained using a diluted specimen. Once the serum total protein result was considered valid, we suspected that the sodium and chloride values might be falsely decreased due to protein interference with the indirect ISE method used in our chemistry analyzer (Hitachi 917, Roche Diagnostics M, Indianapolis, IN). Therefore, sodium and chloride (and potassium) testing on our patient's serum sample was repeated using the direct potentiometry method in a blood gas analyzer (ABL 725, Radiometer America M, Westlake, OH) with the results shown in T2.
4.
The "volume exclusion effect" that occurs in sera with high protein concentrations. The initial low sodium concentration in our patient's serum sample by an indirect electrode method that corrected to a value within the reference range for sodium when this sample was re-tested for sodium using a direct electrode method is indicative of pseudohyponatremia. Pseudohyponatremia is associated with the "volume 
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[I1] Rouleaux in a stained peripheral blood smear from our patient with multiple myeloma. The bluish-colored background is a consequence of the markedly increased protein concentration in this patient's serum.
exclusion effect" that occurs in lipemic serum samples and in sera with high concentrations of protein when these sera are assayed for sodium concentration using indirect electrode methods. 6 Direct and indirect ion-specific electrodes are both widely used in clinical laboratory instrumentation. As the name suggests, a direct ion-specific electrode method detects the activity of a specific ion in an undiluted specimen (ie, the specimen is analyzed "directly" with no intermediate specimen dilution step). Indirect ion-specific electrodes measure the activity of specific ions in a specimen following dilution of the specimen with a diluent of fixed composition [F1]. The advantages and disadvantages of each design have been reviewed elsewhere. 6 The typical water content of plasma is approximately 93% and indirect electrode methods for quantifying electrolyte concentrations assume that this proportion is constant. .6 (or ~87%; % = g/100 mL = g/dL) Therefore, the decrease in plasma water content = 100 -86.6 = 13.4%.
Thus, a 10 µL aliquot of our patient's plasma contains 8.7 µL (ie, 87% of 10 µL) of water and the addition of a fixed volume of diluent (eg, 300 µL) will cause excess dilution (overdilution) of the water-phase of the aliquot and falsely low concentrations of electrolytes. Moreover, this effect will be directly proportional to the volume of water displaced by the lipid or paraprotein. Therefore, our patient's expected sodium concentration by an indirect electrode method can be estimated as follows: Moreover, blood specimens from patients with multiple myeloma are prone to generating erroneous laboratory results through a variety of other mechanisms, including turbidity from precipitation of the paraprotein in cuvettes during the analysis, inaccurate pipetting due to the high viscosity of serum samples from patients with myeloma, and the inactivation of reagents by binding to the paraprotein. Monoclonal protein precipitates are responsible for the most obvious forms of cryoglobulins (type I and type II) that can erroneously lower measured values for the serum total protein concentration by creating flocculent precipitates that cause turbidity and optically interfere with many methods. Numerous examples of such interference have appeared as case reports and reviews, and monoclonal IgM is often responsible. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Due to the intermittent nature of the interference and the frequent reformulation of reagents by manufacturers, this type of laboratory error is difficult to anticipate, but it can be recognized within the laboratory by alert staff and brought to the attention of clinical colleagues to avoid misinterpretation. Some of the laboratory tests prone to interference by hyperparaproteinemia include: albumin, creatinine (Jaffe method), C-reactive protein, hemoglobin, MCH, MCHC, inorganic phosphate, thyroxine, urea nitrogen, uric acid, and sodium.
5.
The patient should not be treated for hyponatremia. It is difficult for laboratory professionals to identify potentially erroneous laboratory test results due to hyperproteinemia; however, when marked hyperproteinemia is observed on any [F1] Schematic view of indirect and direct sodium electrodes depicting the susceptibility of serum samples from myeloma patients or lipemic serum samples to pseudohyponatremia when sodium is quantified by indirect electrode methods. The potentiometric measurement of sodium by direct electrode methods occurs on undiluted specimens (directly) using either anticoagulated whole blood, plasma, or serum, and the accuracy of these methods is not influenced by the "volume exclusion effect" (Panels A and B). Indirect electrode methods require an approximately 30-fold dilution of the specimen prior to the potentiometric measurement of sodium by an ion selective electrode, which renders sodium values by this method susceptible to a dilution error commonly referred to as pseudohyponatremia (Panels C and D). 6 serum specimen, the results of the tests identified above should be reviewed and electrolyte measurements repeated by a direct ISE method. Moreover, when pseudohyponatremia is confirmed, it is prudent to alert clinicians of this finding by providing this information on the laboratory report. Laboratories that serve cancer treatment clinics with large numbers of multiple myeloma patients may consider conducting all electrolyte tests on instruments with direct electrodes to avoid the repetitive uncertainty in the validity of the results.
Patient's Treatment and Course
The patient received 2 units of packed red cells and 40 grams of intravenous immune globulin. The laboratory report contained an interpretive comment about the likelihood of pseudohyponatremia, along with the serum sodium result from the direct electrode method. Treatment for hyponatremia was not initiated. The patient returned to the clinic 4 weeks later with hyperproteinemia, Rouleaux, and persistent pseudohyponatremia. "Any man is liable to err, only a fool persists in error." Marcus Tullius Cicero (106-43 B.C.), Roman orator.
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